Background
Cyclophosphamide is a synthetic nitrogen mustard-like alkylating agent commonly used to treat cancers [1] . It is also used to treat systemic vasculitides and kidney diseases (e.g., lupus nephritis, steroid-resistant nephrotic syndrome, and focal segmental glomerulosclerosis) [2, 3] .
Acute adverse effects include bone marrow suppression with opportunistic infections, hemorrhagic cystitis, temporary infertility, nausea, vomiting, and hair loss [3] . However, pneumonitis and liver or cardiac toxicity are rare. The long-term effect of cyclophosphamide (especially with cumulative doses) is an increased incidence of myelodysplastic syndrome, lymphoma, bladder carcinoma, and permanent infertility after several years of treatment [3] .
Hepatotoxicity with high-dose cyclophosphamide is well recognized, but hepatitis due to low-dose cyclophosphamide immediately after treatment has rarely been described [4, 5] .
We report here a patient with rapidly progressive glomerulonephritis and secondary granulomatosis with polyangiitis who developed acute severe hepatic failure within 3 hours of receiving low-dose intravenous cyclophosphamide. To the best of our knowledge, this is the first reported case of acute hepatitis occurring within 24 hours of treatment.
Case Report
A 48-year-old Chinese construction worker presented to the orthopaedic unit with a 1-month history of bilateral lower limbs weakness, numbness, pain, and progressive difficulty in walking. His past medical history included smear-negative pulmonary tuberculosis 2 years ago, for which he completed 6 months of anti-TB treatment. Four months prior to this presentation, he was diagnosed with right eye scleritis and 1 month later he diagnosed with "late onset of bronchial asthma" when he presented with recurrent cough and difficulty in breathing. He denied any history of alcohol consumption, recreational drug abuse, or use of traditional medication. He was a chronic smoker (20 packs per year), was married, and had 2 children.
Physical examination showed that he was afebrile, with the blood pressure of 130/80 mmHg. There were no oral ulcers, malar rash, or alopecia, but he had a vasculitic rash on his palms and feet. His left upper limb and both lower limbs appeared wasted, with bilateral foot drop. Cardiorespiratory examination revealed a systolic murmur at the left sternal edge and bronchial breath sounds bilaterally in the upper zones with no rhonchi. Results of abdominal examination were unremarkable. There were multiple cystic air spaces in his right upper lobe, with thickened bronchial wall and traction fibrotic bandscystic bronchiectasis and multiple nodules in the right middle lobe, the left upper lobe, and lower the lobe. The overall impression was of right apical old pulmonary TB changes with Mycetoma and cystic bronchiectasis. Oral itraconazole 200 mg bd was started. Aspergillus antibody was positive and bronchial alveolar lavage grew candida albicans.
Nerve conduction study revealed an axonal sensory-motor polyneuropathy over both lower limbs and a left ulnar neuropathy at the elbow. A diagnosis of chronic inflammatory demyelinating polyneuropathy secondary to possible vasculitis with multiorgan involvement was considered. Autoimmune screening showed a negative antinuclear antibody (ANA) and normal complement levels but positive rheumatoid factor. His eosinophilia was persistently elevated (3.1×10 9 /L) and c-ANCA was positive. His urine analysis showed protein 1+ and blood 3+ with a 24-hour urine protein excretion of 1 g/day. Sural nerve biopsy was suggestive of vasculitis. The diagnosis of granulomatosis with polyangiitis involving nerves, lungs, and kidneys was considered. He was empirically treated with high-dose pulse methylprednisolone and a few sessions of plasma exchange as his kidney function progressively deteriorated. He also required intermittent hemodialysis. An urgent renal biopsy was planned but, unfortunately, he developed acute chest pain with an acute coronary syndrome. Echocardiogram demonstrated an ejection fraction of 20% with global hypokinetic walls, dilated chambers, moderate mitral regurgitation, and severe tricuspid regurgitation.
He was started on low-dose IV cyclophosphamide 200 mg due to concomitant respiratory infection and renal failure. He developed severe epigastric pain, dyspnea, and diarrhoea 3 hours after completion of IV cyclophosphamide, which resolved after 4 hours with symptomatic treatment. His liver enzymes showed a sudden elevation of alalinetransaminase (ALT) from 41 U/L to 336 U/L the next day and peaked at 568 U/L 4 days after administration of IV cyclophosphamide.
His anti-TB and antifungal medications were withheld and a liver ultrasound showed normal liver echotexture. Hepatitis B and C and HIV screening results were negative. His ALT improved to 104 U/L after 2 weeks of treatment and we proceeded with a second dose of IV cyclophosphamide 200 mg. He complained of similar symptoms following this and his ALT rose to 1253 U/L the next day. A diagnoses of cyclophosphamide-induced hepatitis was made. Cyclophosphamide was stopped. We were unable to perform a liver biopsy due to a coagulopathy. The trend of his liver enzyme (ALT) is shown in Figure 3 . Subsequently, the patient developed hospital-acquired pneumonia and died due to another episode of acute coronary syndrome. 
Discussion
We report a case of acute hepatitis shortly after low-dose IV cyclophosphamide, which is rarely described in the literature. Cyclophosphamide is administered either as intermittent pulses (intravenous) or a continuous oral low-dose regimen, depending on the indication for it use. Two well recognized dose-related adverse effects of cyclophosphamide are bone marrow suppression and hepatic injury [6, 7] . High-dose cyclophosphamide may cause transient hepatitis. However, hepatotoxicity related to low-dose IV cyclophosphamide administration has rarely been reported. In this case, injury to the liver occurred within 24 hours after administration of low-dose cyclophosphamide. Akay et al. reported a patient with scleroderma who developed acute hepatitis after 6 weeks of low-dose oral cyclophosphamide 100 mg daily [8] .
Synder et al reported a case of cyclophosphamide-induced hepatotoxicity after 5 weeks of oral cyclophosphamide 100 mg/day in a patient with granulomatosis with polyangiitis [1, 9] . Our patient is different from these 2 cases in that he developed hepatitis within 24 hours after the first dose of IV cyclophosphamide, which worsened after the second dose. In this patient, a lower dose of IV cyclophosphamide was used rather than the standard dose due to concomitant infection and renal failure.
Although our patient received anti-TB and antifungal medication and corticosteroids, in addition to Cyclophosphamide, which could be cause for the hepatitis, we believe IV cyclophosphamide is the culprit. This is because the patient had been on anti-TB and antifungal medications for almost 1 month prior to IV cyclophosphamide, and liver function tests were normal until the administration of IV cyclophosphamide. It is well documented that hepatotoxicity usually happens within first 2 weeks of initiation of anti-TB or antifungal medication [10, 11] . Additionally, when the patient was rechallenged with the second dose of IV cyclophosphamide, he had not received anti-TB and antifungal medications in the preceding 2 weeks. The ALT had nearly normalized at the time the patient received the second dose of IV cyclophosphamide and on this occasion he developed a similar hepatitis, which was more profound. We can therefore confidently conclude that both anti-TB and antifungal therapy were not responsible for the hepatitis in this patient. Rather than causing hepatitis, corticosteroids may mask the symptoms of drug-induced liver injury and anaphylaxis [12] . Therefore, the only possible cause for hepatitis in our patient seems to be cyclophosphamide therapy.
The mechanism of cyclophosphamide-induced hepatitis is not clearly understood. Cyclophosphamide is extensively metabolized by the hepatic cytochrome P450 system. This probably induces sinusoidal obstruction syndrome, leading to a direct toxic effect on sinusoidal cells in the liver, thereby causing necrosis, obstruction, and obliteration of hepatic veins [13, 14] .
